Abstract. The acceleration performance function and the dynamic performance influencing factors of a 2-P(Pa) planar parallel mechanism are presented in this paper. By means of the principle of virtual work, the inverse dynamic model and acceleration performance function of the mechanism are setup. Based on the factors in the acceleration performance function, such as the inertia, velocity, gravity and external force, the effect on the acceleration performance of the parallel mechanism is investigated.
Introduction
Compared to the kinematic performance analysis method, less attention is paid to the dynamic performance analysis method for parallel mechanisms. With the comprehensive applications of the parallel mechanism in recent years, a number of studies have addressed the dynamic performance analysis method, such as the generalized inertia ellipsoid (GIE) method advanced by Asada [1] , the acceleration line (AL) method advanced by Shiller [2] , the belted inertia ellipsoid (BIE) method advanced by Khatib [3] , the manipulating force ellipsoid (MFE) method advanced by Koeppe [4] , the dynamic capability equations (DCE) method [5] and so on.
In 1985, Yoshikawa [6] propounded the dynamic manipulability ellipsoid (DME) method. This method has a clear physical meaning and directly reflects the acceleration capability of the mechanism. Based on the DME method, some scholars [7] propounded improved methods to expand the application of wide scope, other scholars [8] propounded new dynamic performance evaluation methods based on the DME method. In order to simplify the solution process, only the inertia matrix of mechanisms is considered in the DME method, which ignores the influence of the speed, gravity and external force in analyzing the relationship between the generalized accelerations and the generalized driving forces. Some scholars [9] [10] have analyzed the effect of the gravity factor and speed factor in their study. Whether the DME method suits parallel mechanisms used in a heavy duty high-speed hybrid machine tool needs further validation.
Kinematic analysis and dynamic analysis
As shown in Fig. 1 , a base coordinate frame which is denoted as O-XY frame is fixed at the centre of the base platform of the 2-P(Pa) parallel mechanism. Similarly, a moving coordinate frame N-xy is located at the centre of the moving platform. qi (i=1, 2) is the distance between the current location from the initial position of Ai on the slider, so the movement input vector can be written as:
The position vector of point N, Ai and Bi can be written as
According to the geometrical relationship of the mechanism, such as sin βi = (xB -xA ) / l and cos βi = ( yB -yA ) / l 
] T x qi and Bi = + la Figure 1 . The kinematic model of the 2-P(Pa) parallel mechanism. The inverse kinematics equations of the mechanism can be written as
Then taking the derivative of Eq. 3 with respect to time, there are / ( cos )
From Eq. 5, there is
, where
The relationship between the output velocity vector and input velocity vector can be written as    p Jq where
The velocity vectors of some key points of the parallel mechanism can be written as
Then taking the derivative of Eq. 5 with respect to time, there are ( cos sin )/ ( cos )
The acceleration vectors of some key points of the parallel mechanism can be written as
According to the virtual work principle, the sum of the virtual work done by all forces and torques should be zero. Therefore
where, H ij is the partial angular velocity matrix and G ij is the partial velocity matrix of the slider, leg, weight, and moving platform. And where:
So the inverse dynamic equation of the parallel mechanism can be written as:
Dynamic performance influencing factors
Eq. 11 can also be written as:
In Eq. 12, the signification of    M p p is part of the driving force to provide the acceleration motion, the signification of    C p, p is part of driving force to overcome the Coriolis force and centrifugal force of the mechanism when the mechanism moving, the signification of   G p is part of the driving force to overcome the gravity, and the signification of   F p is part of the driving force to overcome the external force. And the equation can be written as:
e  p are the influencing factors of inertia, speed, gravity and external force in acceleration performance. From Eq. 13, it can be found that the shape of the n-dimensional ellipsoid is only decided by the inertia matrix M. The other three influencing factors lead to the ellipsoid's offset in the reference frame of acceleration.
The effect of the inertia influencing factor. Such as DME method, the acceleration performance is different when the position of the moving platform is different. When the moving platform is closer to the singular posture, the acceleration performance becomes worse.
The effect of the speed influencing factor. Analyzing the Eq. 13 further, it is found that only the horizontal velocity value and position of the moving platform affect the acceleration performance. Let the moving platform move through same position with different horizontal velocity, and move through different points with same velocity, then the acceleration ellipsoids considering speed influencing factors are shown in Fig. 2 and Fig. 3 . With the velocity increases gradually, the effect of the speed factor on the dynamic performance increases. It can be seen as such that, the effect of the velocity factor is different when the position is different. When the moving platform is closer to the singular posture, the effect of the speed factor becomes significant. In summary, the effect of the speed factor cannot be ignored when the velocity is large enough. of different point at 10m/s speed.
The effect of the gravity influencing factor. The distribution of the acceleration ellipsoids, considering the gravity factor, is shown in Fig. 4 . Considering the gravity factor, they are obviously different from the DME, and when the moving platform is closer to the singular posture, the effect of the gravity factor becomes significant. Therefore, the effect of the gravity factor can't be ignored arbitrarily in the dynamic performance analysis of the parallel mechanism.
The effect of the external force influencing factor. When the milling equipment works, the reaction force is the main external force of the parallel mechanism. The distribution of the acceleration ellipsoids considering the external force factor at different positions is shown in Fig. 5 . Similarly, these ellipsoids are also different from the DME. When the moving platform is closer to the singular posture, the effect of the external force becomes significant too.
Conclusions
In this paper, the effect of the inertia, speed, gravity and external force factors of the acceleration performance function is analyzed. From the analysis of the effect of these factors, it is proved that the dynamic performance analysis from DME method is not accurate enough. These three influential factors can't be ignored in the dynamic performance analysis of the parallel mechanism, especially the parallel mechanisms used in a heavy duty high-speed hybrid machine tool. 
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